interferon-α and chemotherapy. Somatostatin analogues not only control symptoms related to functioning tumors but tumor growth as well. Because of the studies challenging its efficacy, as well as the potential for side effects, the more widespread acceptance of interferon-α in the treatment of metastatic neuroendocrine tumors has been limited. Well-differentiated neuroendocrine tumors do not show high sensitivity to chemotherapy because of their low mitotic rates, high levels of antiapoptotic protein bcl-2 and increased expression of the multi-drug resistant gene. Traditional chemotherapeutic agents are streptozotocin in combination with
INTRODUCTION
It is reported that neuroendocrine tumors (NETs) have increased in the last 30 years (1-2% of all malignancies) according to the SEER (United States Surveillance Epidemiology and End Results) database in 2004 (2.5-5 patients per 100,000) (1, 2) . In another epidemiologic study, the SEER and Norwegian Registry of Cancer (NRC) were compared, and the overall Caucasian SEER NET incidence was 4.44, compared with 3.24 in the NRC, and African Americans exhibited a remarkably high overall NET incidence of 6.50 (3) . These epidemiologic observations can be due to increased awareness of the disease, widespread use of advanced diagnostic techniques or true changes in incidence.
In Japan, overall prevalence of GastroEnteroPancreatic (GEP)-NET in 2005 was 2.23 patients per 100,000 population (95% confidence interval (CI): 1.93-2.76) per year, and the incidence of pancreatic NETs (PNET) in 2005 was estimated to be 1.01 per 100,000 population per year (95%CI: 0.88-1.25). As the incidence of PNET in the United States (US) has been reported to be about 0.32 per year per 100,000 population, these tumors seem to develop about three times more frequently in Japan compared to that in the US (4).
The incidence of PNETs is <1 in 100,000 in Asian and European population-based studies.
There is a need for epidemiologic data of NETs in Turkey; case reports or case series related with treatment outcomes, imaging or prognostic factors are the ones most reported (5-7).
Although the majority of tumors are malignant, they are relatively slow-growing neoplasms. World Health Organization (WHO) and tumor node metastasis staging systems of the European Neuroendocrine Tumor Society (ENETS) and American Joint Committee on Cancer (AJCC) have provided the new classification systems. The majority of NETs belong to WHO group 2 with well-differentiated NETs, but some tumors can be aggressive (neuroendocrine carcinomas -G3) (Table 1) (8-10).
The most common ones are GEP-NETs (66%), followed by bronchopulmonary NETs (31%), and less frequent locations are the ovaries, testis and hepatobiliary locations. They are defined as either nonfunctioning tumors with symptoms related to mass effects and malignant tumor disease or functioning tumors with specific hormones/neuropeptides autonomously secreted to induce specific clinical syndromes. The tumor cells also have the ability to take up amine precursors and/or express somatostatin receptors (SSTRs or ssts). NETs can develop either in a sporadic form or as a compo- Secretory markers are important for the biochemical diagnosis of "functioning NETs". A breakdown product of serotonin, 5-HIAA (5-hydroxyindoleacetic acid) can be measured in a urine sample obtained over 24 hours (h). Although elevated urinary 5-HIAA levels are highly specific for NETs, they are not particularly sensitive. The use of 5-HIAA levels is not limited only by false-positives; they are also generally elevated almost solely in patients who have primary midgut (jejunum, ileum, appendix, and proximal colon) NETs, and are not useful for either foregut (lungs, thymus, stomach, and duodenum) or hindgut (distal colon and rectum) NETs. For detection of tumors with low serotonin production or those lacking DOPA decarboxylase, measurement of platelet and urine serotonin, respectively, has been recommended, but it is not widely applied in clinical practice. Other circulating non-specific peptide markers for NET with lower clinical relevance are synaptophysin, neuron-specific enolase (NSE), pancreatic polypeptide, human chorionic gonadotropin, parathyroid hormone-related protein, or calcitonin (11, (13) (14) (15) .
For PNETS related with specific clinical syndromes, markers for insulinomas, gastrinomas, glucagonomas, and VIPomas include insulin/proinsulin C-peptide, gastrin, glucagon, and vasoactive intestinal polypeptide (VIP) levels, respectively. A common marker for many types of GEP-NETs is chromogranin A (CGA), a soluble secretory glycoprotein localized in neuroendocrine cell vesicles. Levels of circulating CGA are especially useful for non-functioning tumors, which constitute approximately 70-90% of GEP-NETs (16).
Localized NETs are less frequent than metastatic ones; in fact, up to 75% of patients with small bowel NETs and 30-85% of PNETs present with liver metastases either at the time of diagnosis or during the course of the disease (1, 11, 17) .
The predominant metastatic site in patients with NET is the liver (75%), which is the best prognostic marker of survival regardless of the primary site (11, (18) (19) (20) .
Imaging of Liver Metastases
Assessment of the location and extent of disease is crucial for management. Conventional radiology (transabdominal ultrasonography (US), computed tomography (CT), and magnetic resonance imaging (MRI)); selective angiography with or without hormonal sampling; and nuclear imaging (somatostatin-receptor scintigraphy (SRS) (octreotide scan-111 In-DTPAOC), bone scintigraphy and positron emission tomography (PET)/CT) are commonly used imaging modalities. DOTA-d-Phe(1)-Tyr(3)-Octreotide (DOTATOC) or DOTA-1-Nal3-Octreotide (DOTANOC) are highly specific and more sensitive radiopharmaceuticals with high affinity to SSTR-2 and SSTR-2, -3, and -5, respectively. Labelling of DOTATOC or DOTANOC with the positron emitter gallium-68 (68Ga) (68Ga-DOTATOC or 68Ga-DOTANOC) increases the diagnostic sensitivity of PET imaging (18, (21) (22) (23) (24) (25) (26) (27) . Patients with negative 68Ga-DOTATOC or 68Ga-DOTANOC PET/CT results or those with elevated plasma serotonin levels, serotonin and catecholamine precursors 18 F-dihydroxy-phenyl-alanine and 11 C-5-hydroxy-tryptophan, respectively, as tracers are recommended (28) . However, for the routine clinical practice of the new imaging technologies, more clinical data are still needed.
All imaging modalities can frequently fail to detect small liver metastases (i.e., tumors <0.5 cm in diameter), underestimating the true disease extent, and give little prognostic information.
Three morphologic patterns of liver metastases have been defined: single metastasis of any size (type I); isolated metastatic bulk accompanied by smaller deposits, with both liver lobes always in- Table 1 . WHO classification of gastroenteropancreatic neuroendocrine tumors (8) volved (Type II); and disseminated metastatic spread with both liver lobes always involved, a single lesion of varying size, and virtually no normal liver parenchyma (Type III). The three growth types reflect a different grade of aggressiveness of the disease (G1-3) (11, 14, 29) .
Systemic Treatment of Liver Metastases
If surgical resection or interventional therapies of the hepatic tumor burden are not feasible, or if the metastases are not confined to the liver, systemic treatment remains the only option. The choice of therapeutic option depends on the biological behavior of the tumor according to clinical or histopathological parameters, such as grading and proliferation index (Ki67). Furthermore, the localization of the primary tumor (foregut, midgut, hindgut) has to be taken into account. None of the systemic therapies is liver-specific, but rather acts on all metastatic sites.
In metastatic disease, multiple therapeutic approaches are possible. In these cases, the goal is to improve quality of life and to extend survival. Medical treatment can control the associated symptoms and signs of the specific tumors and shrink the tumor mass.
The lack of prospective studies comparing different treatment modalities in homogeneous cohorts of patients makes the best treatment strategy poorly defined. Two recent Cochrane reviews on the optimal management of liver metastases of GEPNETs did not reveal any evidence for existence of optimal therapeutic strategies (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) (46) (47) .
Standard Medical Therapies

Biotherapy
Somatostatin Analogues
More than 80% of NETs express SSTRs located on the cell membrane ( Table 2 ).
Long-acting somatostatin (SST) analogues (octreotide and lanreotide) are used frequently to control hormone-related symptoms and, although their anti-neoplastic activity has not been widely studied and the available data are discordant, it seems to result prevalently in tumor stabilization. The analogues bind with high affinity to sst2 and sst5 and with a lower affinity to sst3. Two long-acting formulations administered every four weeks are available (octreotide-LAR and lanreotide autogel) (48) (49) (50) (51) (52) (53) .
A few patients who fail to respond or cease to respond to standard SST analogues seem to have a response to higher doses of these drugs.
To clarify the issue of tumor growth control, the PROMID study (Placebo-Controlled, ) . No significant difference in the overall survival but apparent disease stabilization in a higher proportion of patients (28%, 26%, and 18% for lanreotide, IFN-α and combined therapy, respectively) suggested that they had a cytostatic effect. Because of the studies challenging its efficacy, as well as the risk of side effects including myelosuppression, fatigue, depression, and alteration of thyroid function, the more widespread acceptance of IFN-α in the treatment of metastatic NETs has been limited (56-61).
Cytotoxic Therapy
Well-differentiated NETs do not show high sensitivity to chemotherapy because of their low mitotic rates, high levels of antiapoptotic protein bcl-2 and increased expression of the multi-drug resistant (MDR) gene. Well-differentiated midgut NETs show low response rates (10-15%) to traditional chemotherapeutic agents such as streptozotocin in combination with 5-fluorouracil (FU) or doxorubicin. However, low-to-moderately differentiated PNET trials with streptozotocin plus 5-FU/doxorubicin or to some extent dacarbazine as a monoagent have produced objective response rates (RR) of 39% and 33%, respectively, and an improved overall survival (OS) (62) (63) (64) (65) (66) (67) (68) (69) (70) .
On the basis of the activity of dacarbazine, temozolomide (TMZ), a new oral alkylating agent sharing its active metabolite (methyltriazen-1-yl-imidazole-4-carboxamide) with dacarbazine, has been studied in phase II trials including patients with bronchial carcinoids and PNET. Fifteen percent partial responses (PR) and 53% SD with a median TTP of 7 months have been reported (71, 72) . Because of the in-vitro synergistic effects between TMZ and capecitabine, combination therapy for PNET patients as first-line treatment or after a prior chemotherapy revealed 71% and 59% RR, respectively (73) . Oxaliplatin-based regimens also have efficacy and may be considered as salvage chemotherapy in well-differentiated NETs. In a trial including XELOX protocol, 40 patients, 13 poorly differentiated NETs and 27 well-differentiated NETs, were treated with capecitabine plus oxaliplatin (74) . 30% PR and 48% SD with a median duration of remission of 20 months and a median survival of 40 months were achieved. Patients with poorly differentiated NET, regardless of the primary tumor localization, are candidates for cisplatin and etoposide treatment, with reported RR of 55-80% and a median duration of response of 8-11 months (75).
Peptide Receptor Radionuclide Therapy
Peptide receptor radionuclide therapy (PRRT) targets a molecule to specific receptors located on the surface of tumor cells. After interacting with the receptor, the molecule is internalized to deliver specific and localized radiotherapy for the precise destruction of tumor cells with little effect on nontumorous tissue, but some exposure of renal, bladder and bone marrow tissues (20, 52, 76 In) . If the tumor expresses more SSTRs than the surrounding tissue, the PRRT will be more effective; thus, SRS can predict the benefit of the treatment (low and high uptake indicate 20% and 60% chance of effect on liver metastases, respectively), and also the best results are observed in patients with good performance status and without major liver involvement (77) . It is reported that RR and response duration are better with 177 Lu-DOTATATE therapy than 90 Y-DOTATATE therapy (20, 78) . Side effects of PRRT are hematological and/or renal toxicity, which are rare and usually mild. For up to 25% of patients with neuroendocrine hepatic metastases, PRRT can be useful (30, 79, 80) .
Molecular-Targeted Therapies
Basic fibroblast growth factor (bFGF), vascular endothelial growth factor (VEGF), platelet-derived growth factor (PDGF), transforming growth factor alpha and beta (TGF-α,-β), insulin-like growth factor type 1 (IGF-1), epidermal growth factor (EGF), stem cell factor (c-kit), and corresponding receptors have been shown to be expressed in NETs.
mTOR is a serine/threonine kinase involved in the regulation of cell growth and death through apoptosis. A rationale for targeting this pathway in GEP-NETs is the recognized relation existing between tuberous sclerosis complex (TSC), phosphaNETs with hepatic metastases tase and tensin homolog (PTEN), NF-1, and the VHL genes and the development of GEP-NETs. In a recent study, TSC2 and PTEN downregulation in a large series of PNETs was shown to be a poor prognostic factor, supporting an important role for the PI3K/Akt/mTOR pathway and its inhibition in the treatment of PNETs (81) (82) (83) (84) .
Everolimus (RAD001)
, an oral mTOR inhibitor, has been shown to have activity in GEP-NETs. Furthermore, octreotide can inhibit IGF-1, which is an upstream activator of the PI3K/Akt/mTOR pathway.
RADIANT-1 (RAD In Advanced Neuroendocrine Tumor), a phase II trail, studied everolimus for its activity in patients with advanced well-and moderately differentiated PNETs after failure of a previous chemotherapy. One hundred and sixty patients were enrolled and received everolimus 10 mg/day. Patients were stratified as follows: stratum 1 received everolimus alone (115 patients) and stratum 2 received everolimus and octreotide LAR (45 patients). Overall RR was 9.6% and 4.4% and SD was 68% and 80% in stratum 1 and 2, respectively. Median progression-free survival (PFS) was 16.7 months (95%CI, 11.1 months to NA) in the combined stratum, and 9.7 months (95%CI, 8.3 to 13.3 months) in single agent stratum. Median OS in stratum 1 was 24.9 months (95%CI, 20.2 to 27.1 months) and not reached for stratum 2. An early CGA and NSE response, defined as normalization or ?30% decrease at week 4, significantly correlated with PFS, suggesting a role of these two circulating biomarkers as predictors of response and survival. Although better results were obtained in stratum 2, it is not possible to conclude that the combination is better than everolimus alone due to the design of the study (85) .
In another prospective randomized phase III trial comparing everolimus 10 mg/day plus octreotide LAR 30 mg/28 days (216 patients) to placebo plus octreotide LAR 30 mg/28 days (213 patients) in advanced carcinoid tumors of various origin (RADI-ANT-2 Study), the preliminary data revealed that median PFS was 16.4 months in the combined group versus 11.3 months in the octreotide LAR group (hazard ratio (HR) 0.77; 95%CI, 0.59 to 1.00, p=0.026). The study failed to reach the prespecified significance level of p=0.0246 (86) .
RADIANT-3 is a prospective randomized phase III trial that investigated everolimus 10 mg/day plus best supportive care (207 patients) versus placebo plus best supportive care (203 patients) in advanced PNET. There was a 2.4-fold prolongation in median PFS with 11.0 months in the everolimus group versus 4.6 months in the placebo group (HR 0.35, p=0.0001) (87) . Everolimus has been approved by the Food and Drug Administration (FDA) for advanced PNETs.
Current clinical phase II studies with everolimus in NETs are sorafenib and everolimus (http://ClinicalTrials.gov/identifier:NCT00942682), bevacizumab and everolimus (http://ClinicalTrials.gov/identifier:NCT00607113), and erlotinib and everolimus (http://ClinicalTrials.gov/identifier:NCT00610129). -11248) , an oral multitargeted tyrosine kinase inhibitor (TKI), is active against VEGFRs, PDGFRs, c-kit receptors, glial cell line-derived neurotrophic factor, and FMS-like tyrosine kinase-3 (Flt 3).
Sunitinib malate (SU
In a phase II study, 107 patients with NETS (41 carcinoids and 66 PNETs) and documented tumor progression received sunitinib 50 mg/day orally for 2 weeks, followed by 2 weeks off. PR was higher in PNETs (16.7%) than in carcinoids (2.4%), and SD was observed in 68% and 83%, respectively. Median TTP was 7.7 months for PNETs and 10.2 months for intestinal NETs (88) .
In a prospective randomized phase III study of sunitinib versus placebo in advanced PNETs, patients received either sunitinib 37.5 mg/day (75 patients) or placebo (79 patients). The trial was halted prematurely due to more events in the placebo arm. Sunitinib significantly prolonged PFS with 11.4 months compared with 5.5 months in the placebo group (HR 0.418, p=0.0001). Although median OS was not reached, sunitinib was favored by a HR 0.409 (p=0.0204), but with longer follow-up there was no statistical difference in OS (89, 90) . The FDA and European Medicines Agency (EME-A) have approved sunitinib for the treatment of unresectable or metastatic, well-differentiated PNETs with disease progression in adults (90, 91) .
Bevacizumab is a humanized monoclonal antibody against VEGF. Neuroendocrine malignancies are highly vascularized solid tumors. VEGF expression correlates with a more aggressive tumor behavior (92, 93) .
In a randomized phase II trial in advanced carcinoid tumors, 44 patients with SD on octreotide received bevacizumab 15 mg/kg every 3 weeks or weekly pegylated IFN-α2b 0.5 μg/kg during 18 weeks (94) . The bevacizumab arm showed higher RRs (18% versus 0%), less disease progression (5% versus 27%) and longer PFS after 18 weeks (95% versus 68%). In this study, using a functional CT scan, a significant decrease in tumor perfusion was demonstrated in the bevacizumab arm (49% at day 2 and 28% at week 18).
A prospective randomized phase III study of bevacizumab plus octreotide LAR versus IFN-α plus octreotide LAR in metastatic or locally advanced intestinal NETs (http://ClinicalTrials.gov/identifier:NCT00569127), as well as phase II clinical studies of temozolomide plus bevacizumab (http://ClinicalTrials.gov/identifier:NCT00137774), CAPOX plus bevacizumab (http://ClinicalTrials.gov/identifier:NCT00398320), FOLFOX plus bevacizumab (http://ClinicalTrials.gov/identifier:NCT00227617), and RAD001 plus bevacizumab (http://ClinicalTrials.gov/identifier:NCT00607113) are still ongoing (92) (93) (94) .
Various further novel strategies of targeted therapy in NETs are under development.
MicroRNA-Regulated Pathways
MicroRNAs are small, noncoding RNAs that can function as gene regulators by posttranscriptional processing, such as inducing mRNA degradation or repression of translation. MicroRNAs are usually downregulated in cancers (95) (96) (97) .
While microRNA-133a, -145, -146, -222, -106 are important in primary NETs, microRNA-183, -488, -19a+b are important in metastatic NETs (96) . MicroRNA-142-3p, -142-5p, -155, -146a and -483 are upregulated in PNETs as compared to normal tissue. MicroRNA-210, -431, and -424 are upregulated in metastases as compared with tumors, so that microRNAs could be used to predict the probability of metastasis (98, 99) . Additional studies are needed to understand microRNA-regulated pathways and possible therapeutic targets.
CONCLUSION
Systemic treatment options for a patient with neuroendocrine liver metastases who is not a candi- date for surgical resection or interventional therapies because of the hepatic tumor burden or because of extrahepatic metastases are vast (Figure 1 ). The treatment must be tailored specifically to the patient. Systemic therapies can produce longer lifespans as salvage treatment. Although it is hard to conduct large, randomized-controlled trials because metastatic NETs are rare tumors, newer technologies and increased knowledge of pathways will enable the development of new treatment options that may improve survival. The use of prognostic factors for NETs may be helpful for clinical management and for deciding the appropriate treatment for an individual patient (100, 101) .
Evidence-based data on therapeutic sequence strategies in inoperable metastatic NETs are not available at present. Consensus recommendations provided by ENETS (European Neuroendocrine Tumor Society), NCCN (National Comprehensive Cancer Network), NANETS (North American NeuroEndocrine Tumor Society), NORDIC Neuroendocrine Tumor Group, and ESMO (European Society for Medical Oncology) Clinical Practice Guidelines are useful for clinicians in decision-making (102) (103) (104) (105) (106) .
